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Most of the current electrophoresis or IF techniques for demonstrating oligoclonal bands in CSF require specimens as large as 10 mL, which must be concentrated by ultrafiltration. Not only is it difficult to obtain such volumes of CSF, but also the concentration procedure is time consuming. Furthermore, IgG should be measured both before and after the concentration procedure so that one can apply standard amounts of IgG protein for analysis (3). Of the several methods for demonstrating oligoclonal IgG in unconcentrated CSF (Table 1) , one commonly used involves silver staining after IF on polyacrylamide gel (4, 5) , a detection technique difficult to standardize and requiring special arrangements for applying more than 30 jzLof CSF to the gel. Moreover, because of problems of toxicity and difficulty in handling polyacrylamide, agarose may be preferred as supporting medium (6, 7) . Another approach to demonstrate 
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In a fourth method, unconcentrated CSF is subjected to IF on agarose, after which separated proteins in the sample are transferred to cellulose nitrate membrane and labeled by a double-antibody peroxidase method (12, 13). We have further increased the sensitivity of this method for the detection of oligoclonal IgG bands by avidin-biotin amplification and have applied this technique to unconcentrated CSF samples from patients with multiple sclerosis, infectious diseases of the nervous system, and a reference group consisting of patients with tension headache and psychoneurosis. We report here the results so obtained as compared with those obtained by IF of the same specimens on agarose after concentration and subsequent staining with Coomassie Blue.
Materials and Methods

Materials
CSF and corresponding serum samples were obtained from 57 patients with clinically definite multiple sclerosis. The diagnosis was based on criteria given by Muller (14) . Samples from 16 patients with infectious diseases of the central nervous system were also examined. The diagnoses were based on clinical findings and leukocyte counts in the CSF. For reference, we used samples from 53 patients with tension headache or psychoneurosis, in whom the physical and neurological examinations were normal as were routine blood tests, including erythrocyte sedimentation rate, hemoglobin, value, and serum concentrations of albumin, haptoglobin and IgG. Routine CSF studies revealed <5 x 106 leukocytes per liter, <50 x iO erythrocytes per liter, and a normal blood-brain barrier (see below). The samples had been stored at -20 #{176}C for as long as six months before the avidin-biotin-augmented IF in agarose (see below).
Procedures
Routine studies on CSF and serum. For cell counting and differentiation into polymorphonuclear and mononuclear cells and erythrocytes we used phase-contrast microscopy. After cell counting, CSF samples were centrifuged (200 x g, 10 miii) within 30 mm after lumbar puncture. Concentrations of albumin and IgG were determined in unconcentrated CSF and in serum by automated nephelometry (AutoAnalyzer 2; Technicon Instruments Corp., Tarrytown, NY). The blood-brain barrier was evaluated by determining the ratio of albumin concentrations in CSF and serum, which we compared with the age-dependent reference values previously reported (15). IgG in CSF was calculated as an "IgG We determined optimal concentrations of antisera and other reagents in preliminary experiments. The occurrence of two or more homogeneous bands in addition to those in the pooled control serum was considered to represent oligoclonal IgG.
Results
Analysis of unconcentrated
CSF by the present procedure may reveal as many as 30 sharp, reddish-brown oligoclonal IgG bands (Figure 1 ). In our study with this method, 50 (88%) of the 57 CSF specimens from multiple sclerosis patients displayed oligoclonal IgG bands as did 12 of 16 CSF specimens obtained from patients with infectious nervous system diseases ( Table 2) which,by immunolabeling, provedto be a proteinnot relatedto IgG (CL Fig. 1) 2 in Figures 1 and 2) ; from previous studies we concluded that it corresponds to "gamma trace" protein (7) . 
Discussion
The avidin-biotin system is based on the high affinity between avidin, a glycoprotein with a relative molecular mass of 68000, and a low-molecular-mass vitamin, biotin, which has four binding sites. Biotun can bind to avidin or to proteins such as enzymes or antibodies. This system has previously been used after IF on agarose for visualization of carcinoembryonic antigen (18) and in immunohistochemistry, where it is claimed to be eight-to 40-fold more sensitive than the peroxidase-antiperoxidase method (19). When Walker et al. (20) .
Oligoclonal IgG bands may also be seen in other neurological diseases, although much less frequently (7) . We have also compared the two presently used IF methods on such patients, and oligoclonal band frequencies and migration properties are similar between the two methods (Figures 1  and 2) .
As we have shown elsewhere (7) , IF on agarose, followed by Coomassie Blue staining, is a simple and reliable technique to demonstrate oligoclonal bands in concentrated CSF, being at least as sensitive as agarose electrophoresis. We have shown that the procedure we describe here is at least as reliable as either of those two methods in terms of the number of oligoclonal bands detected. In evaluating methods for detection of oligoclonal IgG bands in CSF without previous concentration of the fluid, one should remember that patients with multiple sclerosis may have oligoclonal IgG in CSF in the presence of normal concentrations of IgG in CSF (20) , so that the identification of oligoclonal IgG must be highly sensitive. Compared with other techniques previously described (Table 1) our method has the highest sensitivity, giving results within the same range as radioimmunofixation (10, 11). Relatively small volumes of CSF are required for the present method, and it is also highly specific, because only the protein of interest, IgG, is immunolabeled. For optimal information about the occurrence of oligoclonal IgG, one should apply controlled amounts of CSF IgG and serum IgG. The use of concentrated CSF necessitates the determination of the concentration of IgG in the specimen before and after the concentration procedure, whereas only one IgG determination is required in the present procedure.
